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Instream Woody Debris and Riparian Forest Characteristics
in the Sabine River, Texas
Matthew McBroom1,*, Michael Ringer1, and Yanli Zhang1
Abstract - We examined instream large woody debris (LWD) dynamics on the Sabine
River, TX. All wood >10 cm in diameter and >2 m long was measured on four river meanders (meander wavelengths) below the dam on Toledo Bend Reservoir. We determined
LWD species, degree of decay, bank orientation, jam association, and stage contact. We also
PHDVXUHGULSDULDQYHJHWDWLRQFKDUDFWHULVWLFVRQHDFKPHDQGHU/:'YROXPHVZHUHVLJQL¿cantly greater at the site immediately below Toledo Bend Dam, due to the relatively steeper
channel gradient and higher rates of channel erosion. Based on mass balance estimates,
EHWZHHQDQGRIWRWDODQQXDOUHFUXLWPHQWFDPHIURPXSVWUHDPÀXYLDOWUDQVSRUWDQG
the remainder resulted from bank erosion and tree mortality. We estimated average LWD
residence time to be 12–14 years. The lower Sabine River is transport-limited for sediment,
and the same is true for LWD. Based on these measurements, it is unlikely that Toledo Bend
5HVHUYRLULVKDYLQJDVLJQL¿FDQWLPSDFWRQ/:'G\QDPLFVDWWKHPHDVXUHPHQWUHDFKHVGXH
to lacustrine wood storage. Of greater concern in the study system are riparian forest degradation and invasive species spread, which may dramatically affect future LWD loadings
and residence times, and thus, riverine biota.

Introduction
Large woody debris (LWD) is an extremely important structural and functional
component for aquatic ecosystems (Wallace et al. 1993). While LWD habitat may
only be a small part of the total habitat surface in VRXWKHDVWHUQ86ULYHUV § , it
may support over 60% of the total invertebrate biomass for a river stretch (Benke et
DO ,QDGGLWLRQ¿VKVSHFLHVREWDLQHGDWOHDVWRIWKHLUSUH\ELRPDVVIURP
snag habitat (Benke et al. 1984). Ecologically, LWD provides a reservoir for nutrients and energy vital to the detrital food chain, nutrient cycling, plant growth, and
productivity (Goodburn and Lorimer 1998, Harmon et al. 1986, Huston 1993, Muller
DQG/LX 6WDEOHGHEULVVORZV¿QHRUJDQLFPDWWHUWUDQVSRUWDQGDOORZVJUHDWHU
RSSRUWXQLW\IRUELRORJLFDOSURFHVVLQJRI¿QHRUJDQLFGHWULWXV 6ZDQVRQHWDO 
Invertebrates and aquatic insects utilize LWD as direct and indirect food sources,
attachment sites for feeding and retreat or concealment, material for larval cases, a
substratum for pupation and emergence, and sites for egg deposition (Wallace et al.
1993). Consequently, management practices that alter LWD dynamics may have dramatic effects on aquatic ecosystem productivity.
 /:' LQFOXGLQJ WUHHV VQDJV DQG ORJMDPV KDV EHHQ VKRZQ WR DOVR LQÀXHQFH
stream morphology (MacDonald et al. 1982, Mutz, 2000, Shields and Nunnally
 1XQQDOO\DQG.HOOHU  IRXQGWKDWVWDQGLQJULSDULDQWUHHVSOD\DYLWDO
1
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UROHLQVORZLQJEDQNHURVLRQ:RRGLQQDWXUDOTXDQWLWLHVUHVXOWVLQFRPSOH[ÀRZ
UHJLPHSDWWHUQV 0XW] .HOOHUDQG6ZDQVRQ  DGGWKDWWUHHURRWZDGV
LQDKDUGZRRGIRUHVWZHUHIRXQGWRSURWHFWDOHQJWKRIEDQN¿YHWLPHVWKHWUXQN
diameter. The hydraulics of stream river systems are in a perpetual state of dynamic
ÀXFWXDWLRQDVWKHÀRZRIHQHUJ\LVGLVWULEXWHGWKURXJKWKHGUDLQDJHEDVLQVKDSLQJ
channel morphology. Removing debris from streams increases current velocity
and reduces the amount of material that can provide protection to the bank. These
changes cause an acceleration of bank erosion and a wider channel (Nunnally
 $OVRZRRG\GHEULVKHOSVFRQWUROULYHUJUDGLHQW$EEHHWDO  UHSRUWHG
that clearing wood from the Red River in Louisiana caused portions of the river to
incise more than 4 m. LWD provides additional roughness and resistance (Shields
DQG*LSSHO DVLWUHGLUHFWVWKHÀRZRIZDWHUVORZVYHORFLW\LQFUHDVHVGHSWK
and creates backwaters, local scour, and various types of pools (Robison and Beschta 1990). The number of morphological structures, such as bars, is also increased
by the presence of LWD (Harmon et al..HOOHUDQG7DOO\ %HFDXVHRI
WKHDGGLWLRQDOÀRZUHVLVWDQFHFUHDWHGE\/:'LQWKHVWUHDPV\VWHPWKHUHFDQEHD
net increase in sediment storage, changes in bed texture, and changes in sediment
transport (Smith et al. 1993). These combined factors can change the local and
reach-average hydraulic conditions, which may affect channel bank stability (Bilby
7ULPEOH 
While the importance of LWD to ecosystem structure and function in the
Southeast is widely accepted, very little empirical information exists to quantify
LWD biomass and dynamics in low-gradient rivers in the region (including Texas).
However, rapid population growth in recent years coupled with greater demands on
limited water resources has generated concern about the health and viability of river
systems in the southeastern US. This concern prompted our examination of LWD
dynamics in southeastern rivers to quantify possible management effects on LWD
dynamics. Because woody debris is critical for proper function of aquatic ecosystems, it is imperative that woody debris budgets be evaluated in order to ensure that
adequate habitat for aquatic biota is maintained in lower coastal plain rivers. The
purposes of this study were to: 1) measure LWD loadings and riparian vegetation
YROXPHV LQ WKH ORZHU 6DELQH 5LYHU   GHWHUPLQH LI VLJQL¿FDQW differences exist
among sites in measured variables like relative degree of decay, bank orientation,
jam association, root-wad presence and likely origin; and 3) conduct a basic massbalance calculation for instream LWD downstream of the largest reservoir in the
southeastern US, Toledo Bend.
Methods
Field-site description
This study was conducted on the lower Sabine River downstream of Toledo
Bend Reservoir on the boundary between Texas and Louisiana (Fig. 1). The total
GUDLQDJHDUHDRIWKH6DELQH5LYHULVNPð/RFDWHGLQWKH*XOI&RDVWDO3ODLQ
SK\VLRJUDSKLFSURYLQFHWKHUHJLRQKDVDKXPLGVXEWURSLFDOFOLPDWH 3KLOOLSV 
7KH6DELQHKDVWKHJUHDWHVWWRWDOÀRZRIDQ\ULYHULQ7H[DVZLWKDYHUDJHDQQXDO
2
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ÀRZV UDQJLQJ IURP  FPV LQ  WR  FPV LQ  ZLWK DQ RYHUDOO DYHUDJH
ÀRZRIFPVIRUWKH±SHULRGRIUHFRUGDWWKHGRZQVWUHDPPRVW86
Geological Survey (USGS) gauge at Deweyville, TX.
 7KHVRLOVVXUURXQGLQJWKHORZHU6DELQH5LYHUZHUHPRVWO\OLJKWFRORUHG¿QH
sandy loams with subsoils that were loamy sand to plastic clay in texture, and yellow to red in color. The vegetation was mostly composed of a mixture of Pinus
taeda/ /REOROO\3LQH DQGYDULRXVKDUGZRRGVOLNHQuercus nigra L. (Water Oak),
Quercus phellos L. (Willow Oak), and /LTXLGDPEDUVW\UDFLÀXD L. (Sweetgum). Wet

Figure 1. Sampling site locations for large woody debris measurements on the lower Sabine
River.
3
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DUHDV RI WKH ÀRRGSODLQ DUH GRPLQDWHG E\ Taxodium distichum L. (Baldcypress),
Salix nigra Marsh. (Black Willow), Betula nigra L. (River Birch), and the invasive
exotic Triadica sebifera (L.) Small (Chinese Tallow). Much of the surrounding land
had previously been cultivated and is now used for pasture or has been reforested,
either by natural seeding and resprouting or by planting.
We chose four meander wavelengths as study reaches that represented the upper, middle, lower, and estuarine sections of the river. Three sites were located near
USGS river-gauging stations, and discharge data were obtained from these stations.
The Burkeville site (USGS 0802600) was northernmost and closest to the dam,
followed by Bon Wier (USGS 08028500), and Deweyville (USGS 08030500). We
PHDVXUHG VLWHV RQFH²GXULQJ IDOO  IRU 'HZH\YLOOH DQG VXPPHU  IRU WKH
other three sites. Following Hurricane Rita in 2005, the Sabine River Authority of
Texas removed all bankside woody debris for a few river km above the southeast
Texas intake canal to prevent possible water supply disruptions to the region. Our
fourth site, denoted as the southern site, was located in the de-snagged zone, and
we used it to estimate the amount of time required for woody debris to return to
pre-snagging densities.
LWD measurement methods
To ensure that we had access to our sample sites, we measured instream LWD
GXULQJ WKH ORZHVW DYDLODEOH ULYHU VWDJHV %DVHG RQ VHDVRQDO VWUHDPÀRZ SDWWHUQV
and hydropower release schedules from Toledo Bend Reservoir, we chose sample
dates when the river stage fell to a level low enough to allow access to a maximum
number of stems. Minimum LWD size was 10 cm in diameter and 2 m in length. We
PHDVXUHGORJOHQJWKDQGWRSEXWWGLDPHWHUDQGLGHQWL¿HGWKHORJVWRVSHFLHVZKHQ
possible. We determined relative degree of decay based on methods reported by
Hyatt and Naiman (2001) and used a scale from 1 to 5, where 1 meant that no sign
of decay was visible and all bark and branches were intact, and 5 indicated that the
bark was absent and the wood was irregularly shaped and was darkened.
We determined bank orientation using the following criteria: 0° meant that
the root wad was facing upstream and the LWD was parallel to the bank, a bank
orientation of 90° indicated that the log was perpendicular to the channel, and a
bank orientation of 180° indicated the LWD was facing downstream. In addition,
we noted the presence of a root wad and branches with a yes or no. We categorized
LWD origin as local riparian or upstream import and noted whether the LWD was
DQ LQGLYLGXDO SLHFH MDPDVVRFLDWHG RU D IDOOHQ WUHH :H GH¿QHG D GHEULV MDP DV
D GLVFUHWH JURXSLQJ RI VHYHUDO SLHFHV )LQDOO\ ZH FODVVL¿HG HDFK /:' E\ VWDJH
FRQWDFW]RQH]RQHLQGLFDWHGWKDWWKHSLHFHZDVVLWWLQJLQDORZÀRZFRQWDFWDUHD
zone 2 indicated that it was within the bank-full channel, zone 3 indicated that it
extended over the bank-full channel, and zone 4 indicated that LWD was beyond
the bank-full channel.
Bankside vegetation data collection
We performed an inventory of the bankside vegetation at all four sites to determine the total volume of standing timber. We established 0.04-ha and 0.004-ha
4
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circular plots about 20 m from the bank on both the west and east banks at all four
sites. This distance was based on predictions by Robison and Beschta (1990) that
at least 50% of woody loading comes from within 15 m of the channel edge. In the
0.004-ha plots, we measured top and bottom diameters, length, and distance from
WKHEDQNIRUZRRG\GHEULVRQWKHIRUHVWÀRRU,QWKHKDSORWVZHPHDVXUHGDQG
recorded diameter at breast height (DBH), total tree height, and distance from the
EDQNIRUDOOWUHHVFP'%+:HIROORZHG&ODUNDQG6RXWHU  WRFDOFXODWH
YROXPHVXVLQJ*LUDUG)RUP&ODVVIRUSLQHVDQGIRUKDUGZRRGV
Statistical analysis
For categorical data, we used chi-square tests to determine if a category was
uniformly distributed, i.e., the same number of individuals in each category.
We chose a uniform distribution because there were no a priori assumptions
DERXW H[SHFWHG GLVWULEXWLRQV :H XVHG WKH FKLVTXDUH WHVWV Į    DYDLOable in the statistical analysis system (SAS) version 9.2 (SAS Institute, Inc.
2008) to examine seven categories within the individual sites: degree of decay,
branch presence, origin, bank orientation, root-wad presence, position, and
stage contact. The null hypothesis in each case was that there was a uniform
LWD distribution in each category. We then developed contingency tables to
test these same seven categories between the sites. The null hypothesis was that
there was no association between each variable and the four sites. Finally, we
used an ANOVA with Tukey’s honest significant difference for multiple comparisons to determine if there were significant differences between sites in riparian
forest density and instream LWD volumes.
Conceptual models of LWD dynamics
 %HQGDDQG6LDV  GHYHORSHGIXQFWLRQVWKDWGH¿QHZRRGUHFUXLWPHQWLQWRD
given study reach (Li):
Li ,m + If + Ibe + Is + Ie,

(1)

where Im is the forest mortality, IfLVWKHWRSSOLQJRIWUHHVDIWHUD¿UHRUGXULQJD
windstorm, and IbeLVWKHUHFUXLWPHQWGXHWREDQNHURVLRQ7KH\JRRQWRGH¿QH,s
DVWKHZRRGEURXJKWLQWRWKHV\VWHPEHFDXVHRIODQGVOLGHVGHEULVÀRZVDQGVQRZ
avalanches, and Ie as the exhumation of buried wood. Benda and Sias (2003) furWKHU GHYHORSHG D IXQFWLRQ WKDW GH¿QHV ZRRG UHFUXLWPHQW EDVHG RQ FKURQLF IRUHVW
mortality only:
Im >%L0+3m] N,

(2)

where ImLVWKHDQQXDOÀX[RI/:'7KH\GH¿QH%L as the volume of standing live
ELRPDVVSHUXQLWDUHD0DVWKHUDWHRIPRUWDOLW\+DVWKHDYHUDJHVWDQGKHLJKW3m
as the average fraction of stem length that becomes in-channel LWD, and N as the
number of banks contributing LWD.
One of the biggest contributors of LWD is bank erosion. In many regions, the
greatest amount of in-channel debris is found on the cutbank side of the river (Wallace and Benke 1984), and that is one reason why the equation developed by Benda
5
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and Sias (2003) for bank erosion is appropriate for the Sabine River. The function
used for LWD recruitment due to bank erosion is:
Ibe >%L(3be] N,

(3)

where BLLVWKHVWDQGLQJELRPDVV(LVWKHPHDQEDQNHURVLRQUDWHDQG3be is the
expected stem length of the debris that falls into the channel.
We applied this model to the lower Sabine River with data collected in the current study. For the four study reaches, we calculated the overall lateral recruitment
(Li). We converted the volume of live standing biomass (m3 ha-1) measured to m3
m-2, assumed a mortality rate of 1% based on relative mature forest age for the
dominant species present, and measured average stand heights. Number of contributing banks was 2 for mortality input calculations, 1 for bank erosion. The proporWLRQRIVWHPEHFRPLQJELRPDVVZDVIRUPRUWDOLW\FDOFXODWLRQVDQGIRU
bank erosion. We assumed fall direction for mortality to be non-preferential, and
we chose a proportion of 0.13 based on long term averages compiled by Van Sickle
and Gregory (1990). Fall direction for bank erosion was based on values given in
Benda and Sias (2003). We derived estimates for mean bank-erosion rates of 0.1341
m yr-1for Burkeville, 0.10 m yr-1 for Bon Wier, and 0.05 m yr-1 for Deweyville and
the southern site based on Heitmuller and Greene (2009).
We then calculated the total woody debris budget from the basic relationship as
summarized by Benda and Sias (2003) as follows:


ǻ6c >/i - Lo + Qi ǻ[4oǻ['@ǻW 









Where:
ǻ6c FKDQJHLQZRRG\GHEULVVWRUDJH
ǻ[ UHDFKOHQJWK
ǻW WLPHLQWHUYDO
Li ODWHUDOUHFUXLWPHQWRI/:'ZLWKLQWKHUHDFK
Lo ZRRGORVVGXHWRRYHUEDQNGHSRVLWLRQVLQÀRRGHYHQWVRUWKHDEDQGRQment of jams
Qi ÀXYLDOWUDQVSRUWRIZRRGLQWRWKHUHDFK
Qo WUDQVSRUWRIZRRGRXWRIWKHUHDFK
' ORVVRIZRRGGXHWRGHFD\
Results
LWD mass and volume
 $WRWDORISLHFHVRI/:'ZHUHIRXQGZLWKDQGSLHFHVDWWKH
Burkeville, Bon Wier, Deweyville, and southern sites, respectively (Table 1). The
WRWDOYROXPHRI/:'ZDVVLJQL¿FDQWO\JUHDWHUDWWKH%XUNHYLOOHVWXG\VLWHLPPHdiately below Toledo Bend Reservoir. LWD volumes were similar at sites further
downstream. Burkeville and the downstream sites had similar LWD counts (number of stems), but because volume was much higher at Burkeville, we inferred that
piece size was larger there than at the other sites. Total bankside vegetation volume
ZDVQRWVLJQL¿FDQWO\GLIIHUHQWDPRQJWKHIRXUVLWHV 7DEOH 
6
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LWD characteristics by site
 'HJUHHRIGHFD\ZDVVLJQL¿FDQWO\GLIIHUHQWDWHDFKRIWKHVDPSOLQJVLWHV'Hcay class 3 was the most prevalent at Burkeville, Bon Wier, and Deweyville, while
VLJQL¿FDQWO\PRUH/:'ZDVIRXQGLQGHFD\FODVVDWWKHVRXWKHUQVLWHWKDQDWWKH
other three sites further upstream. Also, jam-associated LWD pieces were more
likely to be decayed at Burkeville, Deweyville, and the southern site. There was not
DVWDWLVWLFDOO\VLJQL¿FDQWUHODWLRQVKLSEHWZHHQZKHWKHUDSLHFHZDVDVVRFLDWHGZLWKD
jam and degree of decay at Bon Wier. In addition, decayed wood was more likely to
EHLQFRQWDFWZLWKORZÀRZVRIWKHULYHUDW%XUNHYLOOH'HZH\YLOOHDQGWKHVRXWKHUQ
site, while there was no relationship between decay and stage contact at Bon Wier.
/:'EDQNSRVLWLRQFDWHJRU\ZDVVLJQL¿FDQWO\GLIIHUHQWDWWKHVRXWKHUQVLWHDQGDW
Bon Wier. At the southern site, half the LWD was located in jams.
 %DQNRULHQWDWLRQZDVVLJQL¿FDQWO\GLIIHUHQWDPRQJVLWHV3LHFHVZHUHPRUHOLNHO\WRKDYHDRULHQWDWLRQ URRWZDGXSVWUHDPRULHQWHGZLWKWKHÀRZ DW%XUNHYLOOH
and Bon Wier. However, at Deweyville and the southern site, orientation was more
OLNHO\WREH3LHFHVZHUHPRUHOLNHO\WRKDYHLQWDFWURRWZDGVDW%XUNHYLOOH
Bon Wier, and Deweyville, while LWD at the southern site was more likely to be
ZLWKRXWDURRWZDG5RRWZDGVZRXOGWHQGWRFDXVHDRULHQWDWLRQZLWKWKHÀRZ
which helps explain why pieces at the southern site have a greater frequency of 180°
orientations. However, when contingency tables were analyzed for root wad verVXVRULHQWDWLRQQRVLJQL¿FDQWGLIIHUHQFHVZHUHIRXQGDWDQ\RIWKHVLWHV$VQRWHG
above, pieces at the southern site were more decayed, and pieces with greater decay
are less likely to attach to a root wad.
 ,QWHUPVRIVWDJHFRQWDFWDVLJQL¿FDQWO\JUHDWHUSURSRUWLRQRI/:'ZDVLQWKH
ORZÀRZFRQWDFW]RQHRUZLWKLQWKHEDQNIXOOFKDQQHODWDOOIRXUVLWHVDVRSSRVHGWR
EHLQJEH\RQGWKHEDQNIXOOFKDQQHO3LHFHVLQWKHORZÀRZFRQWDFW]RQHDUHVXEMHFW
WRJUHDWHUPHFKDQLFDOEDWWHULQJDQGGHFD\,QDGGLWLRQYHU\ODUJHÀRRGVZRXOGEH
UHTXLUHGWRÀRDWDQGWUDQVSRUWODUJHUSLHFHV SDUWLFXODUO\LIWKHURRWZDGLVVWLOODWtached) out of the bank-full channel.
Branches were more likely to be absent at Bon Wier and the southern site, but
IUHTXHQFLHV ZHUH QRW VLJQL¿FDQWO\ GLIIHUHQW DW WKH RWKHU WZR VLWHV $V H[SHFWHG
when analyzing the contingency table for branch presence and degree of decay,
VLJQL¿FDQW GLIIHUHQFHV ZHUH IRXQG DPRQJ FDWHJRULHV ZLWK PRUH GHFD\HG SLHFHV
lacking branches. We also conducted contingency-table analysis for bank position
7DEOH7RWDOFRXQWVYROXPHDQG$129$UHVXOWV XVLQJ7XNH\¶VKRQHVWVLJQL¿FDQWGLIIHUHQFH IRU
LWD and bankside vegetation for each study site along the lower Sabine River, TX. Mean values with
WKHVDPHOHWWHUDUHQRWVLJQL¿FDQWO\GLIIHUHQWDWĮ 
Bankside
LWD
LWD
Reach
Volume per
volume
count volume (m3) length (km) length (m3/km) (m3 ha-1)
Burkeville
%RQ:LHU
'HZH\YLOOH
6RXWKHUQ

93




98.94




1.16




85.29



7

349.9




Tukey grouping
for LWD for bankside
volume vegetation
A
%
%
%

A
$
$
$
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YHUVXVEUDQFKSUHVHQFHZLWKIUHTXHQFLHVIRXQGWREHVLJQL¿FDQWO\GLIIHUHQWDWDOO
four sites. In general, LWD lacking branches was more likely to be jam-associated,
and pieces with branches were typically more likely to occur singly or as bank-fall.
7KLV¿QGLQJLVFRQVLVWHQWZLWKGHJUHHRIGHFD\DQGSRVLWLRQDVQRWHGDERYH
 7KHFKLVTXDUHJRRGQHVVRI¿WWHVWZDVDOVRUXQRQYROXPHRI/:'E\RULJLQ
,QWHUPVRIWRWDOYROXPHIUHTXHQF\RIRULJLQZDVVLJQL¿FDQWO\GLIIHUHQWDWDOOIRXU
sites, with about 60–90% of the total volume originating from a local source. Larger
keystone pieces tended to be less decayed and less mobile, and accounted for more
of the overall volume at each site. All four study sites had large amounts of standing
vegetation, and most of the overall LWD volume originated from bankside sources.
LWD recruitment rates
The southern site was important to the study because all of the LWD had been
removed from the site three years prior to sampling, following Hurricane Rita. This
NQRZOHGJHRIDFRQ¿UPHGGDWHDWZKLFKWKHUHZDVQR/:'SUHVHQWHQKDQFHGRXU
ability to estimate the time required for LWD recruitment into the Sabine River.
When compared to the LWD counts at the other three sites, the southern site had
the least LWD within its reach, with 13.29 m3 km-1, about half that found at the next
ORZHVWVLWH%RQ:LHUZLWKP3 km-1(Table 1).
Based on our sampling, we estimated that about 12–14 years would be required
for LWD volume at the southern site to be equal what was observed at the DewH\YLOOHVLWH7KLV¿JXUHFRXOGFKDQJHGUDPDWLFDOO\GHSHQGLQJRQWKHQXPEHUDQG
VL]HRIFDWDVWURSKLFHYHQWV LHKXUULFDQHVDQGPDVVÀRRGLQJ WKDWLPSDFWWKHDUHD
3KLOOLSVDQG3DUN 
Conceptual models of LWD dynamics
Lateral recruitment estimates illustrate differences between the four river segments (Table 2). Burkeville, which has the highest total LWD loading (85.29 m3
km-1) also had the highest recruitment rate, and bank erosion was the primary
source for recruitment. At Deweyville and the southern sites, the riparian forest
volume was slightly higher with smaller tree sizes and much lower bank erosion
rates; mortality was the dominant recruitment source there.
We then compared these estimates of lateral recruitment with the overall woody
debris budget (Equation 4, above). To accomplish this, an estimate of woody debris
GHFD\ZDVQHHGHG:KLOHVSHFL¿FHVWLPDWHVZHUHQRWDYDLODEOH6SLHVHWDO  
estimated annual decay ratesRIEHWZHHQDQGRIOLYHELRPDVVLQDIRUHVWÀRRU
Table 2. Lateral recruitment budget estimates (m3 km-1 yr-1) for the four study reaches on the Lower
Sabine River, TX (Benda and Sias 2003).
Site
Burkeville
Bon Wier
Deweyville
6RXWKHUQ

Mortality
recruitment (Im)

Bank erosion
recruitment (Ibe)

Total lateral
recruitment (Li)

1.40
0.95
1.80


3.52
1.86
1.53


4.92
2.81
3.33
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environment. Due to warm temperatures and high humidity, southeastern Texas has
one of the highest wood-decay rates in the continental United States (Harmon et al.
 VRZHXVHGWKHKLJKHUHQGRIWKLVUDQJHIRUEXGJHWFDOFXODWLRQV:LWK
DGHFD\UDWHWKHDYHUDJHGHFD\EDVHGUHVLGHQFHWLPHIRUDQDYHUDJHSLHFHRI
LWD is 14.29 years.
For the Burkeville and Deweyville sites, recruitment volume was a net positive,
PHDQLQJ WKDW ÀXYLDO WUDQVSRUW RI ZRRG LQWR WKH UHDFK ZDV RFFXUULQJ DW D JUHDWHU
UDWH WKDQ ÀXYLDO RXWÀRZ 5HFUXLWPHQW YROXPH ZDV KLJKHVW DW %XUNHYLOOH ZKLFK
was expected given the higher rates of bank erosion immediately downstream of
7ROHGR%HQG5HVHUYRLUUHSRUWHGE\3KLOOLSV  7KLV¿QGLQJLVFRQVLVWHQWZLWK
measured source data reported above and is also consistent with the lateral recruitment estimates for Burkeville, where recruitment due to erosion is 2.5 times higher
than recruitment due to mortality (Table 3). It is unlikely that the Toledo Bend
'DPKDGDVLJQL¿FDQWHIIHFWRQUHGXFLQJ/:'ORDGLQJVGXHWRUHVHUYRLULQWHUUXSWLRQVRIÀXYLDO/:'DWWKH%XUNHYLOOHVLWH$GGLWLRQDOPHDVXUHPHQWVLPPHGLDWHO\
EHORZWKHGDPLQWKHVFRXU]RQHGHVFULEHGE\3KLOOLSV  ZRXOGEHQHFHVVDU\
to determine if these LWD reservoir storage effects extend upstream of the Burkeville site. At Deweyville, forest mortality recruitment is greater than bank-erosion
recruitment, due to the lower gradients at this site. Also, with lower gradients more
LWD accumulations from upstream may be occurring. At Bon Wier, we estimated
that more wood is being recruited than stored in the channel, so the loss may be due
to offsite transport (0.54 m3 km-1 yr-1 DVÀXYLDORXWÀRZRUÀRRGSODLQGHSRVLWLRQ
At the southern site, LWD accumulation had only occurred for about 3 years since
the post-Hurricane Rita de-snagging operation, with a lateral recruitment estimate
RIP3 km-1, meaning that the difference of 2.82 m3 km-1 may have come in as
ÀXYLDOLQÀRZIURPIXUWKHUXSVWUHDP
Discussion
 7RWDOLQVWUHDP/:'YROXPHZDVIRXQGWREHVLJQL¿FDQWO\KLJKHUDW%XUNHYLOOH
(immediately below Toledo Bend Reservoir) than the other four sites likely due to
greater bankside erosion rates and geomorphologic differences between sites. This
UHVXOW LV VXSSRUWHG E\ 3KLOOLSV¶   VWXG\ RI WKH ORZHU 6DELQH 5LYHU LQ ZKLFK
Table 3. Estimated woody debris storage, decay, and recruitment by sampling site for the lower Sabine
River, TX.
Variable
3

-1

-1

Total recruitment (Li, m km yr 
Volume decayed (D, m3 km-1 yr-1)
Net recruitment (m3 km-1 yr-1)
Recruitment in 14.29 Yrs (m3 km-1 
Volume measured (m3 km-1 
(Qi - Qo - Lo) Vol. (m3 km-1 yr-1)A

Burkeville

Bon Wier

Deweyville

Southern


0.34
4.58


1.05


0.20
2.61


-0.54


0.23
3.10


0.38


0.22
3.49


N/AB

A
B

4L /:'IURPÀXYLDOLQÀRZ4R /:'IURPÀXYLDORXWÀRZ/R ÀRRGSODLQGHSRVLWLRQ
Estimates are not available for the southern site since it was de-snagged 3 years prior to measurement.
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he examined the effects of Toledo Bend Reservoir on the river downstream of the
GDP ,Q WKDW VWXG\ VLJQL¿FDQW EDQN HURVLRQ VDQGEDU PLJUDWLRQ DQG /:' LQSXWV
DWWKH%XUNHYLOOHVLWHZHUHREVHUYHG 3KLOOLSV 7KHEDQNVDW%XUNHYLOOHZHUH
the steepest of the three study sites, and were heavily eroded, resulting in greater
/:'LQSXWVWKDQZHREVHUYHGDWWKHRWKHUVLWHV3KLOOLSV  UHSRUWHGWKDWWKH
left bank was characterized by many fallen trees and bank-eroded trees, and that
overall, this section of the river was very dynamic, with many migrating sandbars
and higher rates of bank erosion. In contrast, lower rates of channel erosion were
UHSRUWHG QHDU WKH %RQ :LHU VHFWLRQ RI WKH ULYHU 3KLOOLSV   7KH 'HZH\YLOOH
VLWHKDVDFRPSOHWHO\GLIIHUHQWIRUPZLWKORZHUEDQNVDQGIHZHUVDQGEDUV 3KLOOLSV
2003). The left bank at Deweyville had large amounts of LWD and numerous tilted
trees, and the right bank had former bank scarps with abundant LWD at the bank
base and in the channel. The LWD loadings observed in our study were similar to
WKRVHREVHUYHGE\3KLOOLSV   7DEOH (YDOXDWLQJORFDOJHRPRUSKLFIHDWXUHV
DQGXQGHUVWDQGLQJKRZULYHUÀRZZDVDIIHFWLQJWKHEDQNVDWWKHORFDOVLWHVZHUHWKH
best ways to explain the LWD loading differences.
The Burkeville site was characterized by active erosion and by larger diameter
trees standing closer to the channel, which explained the higher volumes of LWD.
Total LWD loading was best explained by the combination of bank erosion rates
and riparian forest structure.
 ,QWHUPVRIQXPEHURISLHFHVIUHTXHQF\RI/:'RULJLQZDVVLJQL¿FDQWO\GLIIHUent at Bon Wier and Deweyville. Wood at these two sites was more likely to be local
in origin. Origin frequencies were evenly distributed at the other two sites. Because
the Burkeville site is downstream of Toledo Bend Reservoir where banks are steep
and erosion is high, it would be expected that a greater number of wood pieces
would originate from stream bank erosion, with less relative upstream contribution.
7KLVUHFUXLWHGZRRGZRXOGEHGHSRVLWHGEHORZWKH]RQHRILQÀXHQFHLPPHGLDWHO\
below the dam, at the Burkeville site. At the southern site, more decayed wood
indicated more pieces being transported in from elsewhere.
The Burkeville and Deweyville sites had a uniform distribution for the position category, meaning that the LWD present had an equal probability of being
associated with jams or present as individual pieces. At Bon Wier, a significantly
greater portion of LWD occurred as single pieces than as part of debris jams. Jamentrained pieces were also significantly less likely to have intact branches. Large,
infrequent floods would be required to mobilize some of the jams that were found
on the Sabine, but as jam-entrained LWD decays and fragments over time, smaller
and more mobile decayed pieces move downstream to the southern site, where
about half of the LWD was located in jams. However, these smaller pieces represent a lower overall contribution to total LWD volume than a comparable number
of larger pieces.
Because we found no significant differences in total bankside volume among
sites, we conclude that recent hurricanes have not resulted in significant overall
reduction in quantity of riparian forest vegetation at the sites close to the Gulf
Coast. This lack of statistical significance can be attributed in part to the large
10
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amount of variation observed among individual plots in each stand. Riverside
forest vegetation volumes tend to be rather heterogeneous overall, with much
higher volumes on the cut-bank side of the meander than on the deposition side.
However, there was a great deal of variation within meander wavelengths, and
additional vegetation sampling would be needed to make specific determinations
about effects on riparian forest structure and composition along the Sabine River.
Also, Hurricane Rita, which made landfall at the Sabine estuary on 24 September
UHVXOWHGLQDVLJQLILFDQWLQFUHDVHLQ/:'FRQWULEXWLRQVWRWKHULYHU 3KLOOLSV
DQG3DUN 
The northernmost Burkeville site had larger trees overall compared to the more
downstream sites. In particular, the invasive exotic Chinese Tallow Tree tended to
be much more prevalent at the southern and Deweyville sites than at the two sites
further upstream. This would be expected given this tree’s ability to dominate the
wet conditions characteristic of these two sites. Also, given the high seed production rate, high primary productivity, and extensive colonization of the lower Gulf
&RDVWDO3ODLQRI7H[DVFRQWLQXHGGRPLQDWLRQRIWKLVVSHFLHVLQWKHULSDULDQIRUHVW
is likely at these two sites (Bruce et al. 1995).
LWD budget estimates are a reasonable approximation of LWD dynamics in
WKH ORZHU 6DELQH 5LYHU  2QH VLJQL¿FDQW FRQFOXVLRQ IURP WKLV EXGJHW DQDO\VLV LV
that the riparian forest density and volume are the most important factors for LWD
recruitment. Fluvial transport into the reach was estimated to be between 11 and
21% of total annual recruitment, with the remainder governed by lateral recruitment, which depends mostly on surrounding forest density and bankside erosion
rates. These estimates are consistent with recruitment rates measured upstream.
Therefore, the most effective means of enhancing LWD recruitment for the lower
Sabine would be to protect and enhance the riparian forest. There does not seem to
EHPXFKHYLGHQFHIURPWKLVDQDO\VLVWKDWWKH7ROHGR%HQG'DPKDGDVLJQL¿FDQWLPpact on LWD dynamics in the lower Sabine River due to upstream LWD storage in
WKHUHVHUYRLU$VQRWHGE\3KLOOLSV  WKHORZHU6DELQHLVWUDQVSRUWOLPLWHGIRU
sediment, and the same is true for LWD. It is likely that the large volumes of LWD
that were historically in the rivers of East Texas were the products of extensive,
more contiguous riparian forests composed of relatively decay-resistant species
like cypress and oak, and that centuries of riparian forest degradation and spread of
less decay-resistant and invasive species like Chinese Tallow has resulted in lower
maximum potential LWD loadings.
A majority of LWD research has been conducted in higher-gradient streams,
ZKHUHÀXYLDOH[SRUWLVDQLPSRUWDQWIDFWRUFRQWUROOLQJ/:'G\QDPLFV9HU\OLWWOH
UHVHDUFKKDVEHHQFRQGXFWHGRQORZJUDGLHQW&RDVWDO3ODLQVWUHDPVLQWKH6RXWKeast. One exception to this is a study by Beneke and Wallace (1990) in the Ogeechee
5LYHULQWKH&RDVWDO3ODLQRI*HRUJLDLQZKLFKWKH\IRXQGWKDWGHFRPSRVLWLRQDQG
IUDJPHQWDWLRQRI/:'LVWKHPRVWFRPPRQIDWHIRU/:'UDWKHUWKDQGLUHFWÀXYLDO
export. We reached a similar conclusion for the lower Sabine River, TX in this
study. In addition, as concluded by Beneke and Wallace (1990) for the Ogeechee
River, as the larger, more stable, and persistent LWD pieces in the lower Sabine
11
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break down over decades, they will provide an important source of organic matter
and habitat for aquatic organisms. Additional studies are needed to determine the
RSWLPDO /:' ORDGLQJ IRU ULYHULQH LQYHUWHEUDWH DQG ¿VK SRSXODWLRQV LQ WKH ORZHU
Sabine. Additional research is also needed on LWD loading and dynamics on other
VRXWKHDVWHUQORZHU&RDVWDO3ODLQULYHUV
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